I. INTRODUCTION
The induction motor is a complex, non-linear system, with time-varying parameters. Different control strategies have been proposed to simplify the control of induction motors, such as Vector Control methods. Unfortunately, a set of time-varying parameters, such as inertia, torque and rotor resistance, can severely affect the dynamic performances, so that some kind of robustness or adaptativity is required [l] .
Robustness is an inherent characteristic of fuzzy logic based controllers which is of great importance where dealing with Induction Motors, as it was shown in [a] .
The optimal design of fuzzy controllers is not a trivial problem. A practical approach uses the set of Mandani rules and heuristically tries to adjust the controller gain and the scaling factors of the input variables.
Recently a simple fuzzy self-tuning system for Induction Motor Controller, based on a PI-like Fuzzy Controller was proposed [9] . The scaling factors of the inputs (the speed error and the integral speed error) were changed using fuzzy rules to achieve a good transient response. A conflict arises when trying to obtain a minimal overshoot with a minimum rise time because there are only two variables (two scaling factors) to tune the controller. This paper presents a new switching type of fuzzy controller and a method for the automatic tuning of the controller parameters. The presented method performs iteratively until a desired value for the response time is achieved with minimal overshoot. The proposed controller outperforms the simple PI-like controller of [9] .
Besides, there are four variables (four scaling factors) which can be modified to obtain the desired system response, achieving a faster adaptation.
Although this method is mainly intended for the initial tuning of the controller, it can be used on-line in those cases where the induction motor is continously operated in an start/stop process, e.g., in elevators.
The paper is structured as follows. In next section, a simple analysis is used to explain the advantages of the proposed fuzzy control system. Section I11 briefly reviews the operation of the fuzzy-rule adaptation mechanism. Section IV presents simulation and experimental results. The conclusions are in the final section.
SWITCHING CONTROL SYSTEM
The structure of the control system is shown in figure  1 . In this figure, the Indirect Vector Control method (IVC) is used, which is described elsewhere [l] . The flux component of the stator current i: is maintained constant, while the output of the fuzzy controller is the desired torque component of the stator current i i .
The error between the desired speed w,,j and the measured rotor speed w,., the integral speed error and the change in the error, are the inputs to a PI-like fuzzy controller and a PD-like fuzzy controller. The control actions are combined by means of a weighting factor a which is the output of a supervisory fuzzy inference. The supervisory fuzzy inference machine acts as a hig- .. where i,l is the control action given by the PI-like fuzzy controller, i ,~ is the contro1,action given by the PDlike fuzzy controller. a is the output of the supervisory fuzzy inference machine.
FUZZY EXPERT SYSTEM FOR THE AUTOMATIC TU-

NING
An analogous system to that described1 in [9] has been used. The adaptive mechanism is carried-out by altering the scaling factors of the input variables of the main fuzzy system. The expert system is implemented To prove the abilities of the presented method, the controller of figure 1 has been implemented using a floating point Digital Signal Procesor TMS320C30 alongside a PC 386 used for the adaptive process and data adquisition. 
V. CONCLUSIONS
A fuzzy expert system for the automatic tuning of a Switching Fuzzy Controller for Induction Motors has been presented. A new type of fuzzy controller, based on a PD-like fuzzy and a PI-like fuzzy controllers is used. The control action is weighted between the previous controllers by a fuzzy inference machine which provides a fuzzy division of the control region. Another fuzzy expert system is used to obtain a simple adaptive mechanism for the control system. The complete system acts in a hierarchical way with simple PI-like and PD-like fuzzy controller in the lowest level, a supervisory fuzzy controller in the intermediate level and a fuzzy expert system for self-tuning in the highest level of the hierarchy. Simulation results prove a good performance of the proposed control system, in relation to a simple PD-like fuzzy system or a simple PI-like fuzzy system. Experimental results show a good performance of the controller proposed and that the required specifications are attained by the adaptive process in a shorter number of cycles that the one obtained in the previous paper based on a simple PI-like fuzzy controller.
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